on behalf of the SCOPE Consortium OBJECTIVES: To describe changes in mean uterine artery resistance index and bilateral notches between 20 and 24 weeks of gestation in healthy nulliparous women and to relate these changes to pregnancy outcome.
CONCLUSION:
Pregnancy outcomes in women with abnormal uterine artery Doppler results at either 20 or 24 weeks were intermediate between those with normal or abnormal results at both time points. If overall test performance could be enhanced by the addition of clinical data, biomarkers, or both, we would recommend that 20 weeks is the most appropriate gestation in the second trimester to perform uterine artery Doppler studies. (Obstet Gynecol 2009; 113:332-8) 
LEVEL OF EVIDENCE: II
A large number of studies have investigated the potential of second-trimester uterine artery Doppler studies as a screening tool for preeclampsia and fetal growth restriction. [1] [2] [3] Currently, there is no consensus as to what should be the optimum timing for uterine artery Doppler screening if it is performed during the second trimester. High rates of falsepositive test results at 20 weeks have led some to delay screening until 23-24 weeks. 4 -6 Although screening at 23-24 weeks will detect those with persistent abnormalities or those who develop an abnormal Doppler after 20 weeks, it will fail to detect women who had an abnormal Doppler at 20 weeks but underwent late normalization of the Doppler waveform. Another drawback of performing the uterine Doppler at 24 weeks is that this gestation is too late for interventions to reduce the risk of the most severe cases of preeclampsia. 7, 8 Given these limitations, others have recommended two-stage screening to allow earlier intervention and to overcome the problem of false-positive results at 20 weeks. 9, 10 Two-stage screening assumes a normal result will be sustained, with the second Doppler study at 24 weeks performed only if the first was abnormal. 9, 11, 12 This approach will detect both those women with persistent abnormalities and those with late normalization, which has been associated with lower birth weight and increased rates of small for gestational age (SGA) neonates. 11, 12 However twostage screening will fail to detect women with normal uterine Doppler results at 20 weeks who develop abnormal Doppler results by 24 weeks. There are no large, longitudinal studies reporting the clinical importance of the four different patterns of change in uterine artery Doppler waveforms measured at both 20 and 24 weeks (normal at both gestations, normal to abnormal, abnormal to normal, and abnormal at both times). Moreover, no Doppler studies to date have classified SGA using customized centiles, which better identify growth-restricted fetuses with morbidity than do population centiles. [13] [14] [15] We hypothesized that rates of SGA neonates and preeclampsia would increase among women with normal uterine artery Doppler results at 20 and 24 weeks, abnormal Doppler at either time point, and those with abnormal Doppler at both time points. The aims of our study were to describe changes in mean uterine artery resistance index and bilateral notches between 20 and 24 weeks of gestation in healthy nulliparous women and to relate these changes to pregnancy outcome.
METHODS
Nulliparous women with singleton pregnancies were recruited to the Screening for Pregnancy Endpoints study between November 2004 and July 2007 in Auckland, New Zealand, and Adelaide, Australia. The Screening for Pregnancy Endpoints study is an international, multicenter, prospective cohort study for the prediction of preeclampsia, fetal growth restriction, and preterm birth. Ethical approval was gained from local ethics committee (New Zealand: study number AKX/02/00/364, Australia: study number REC 1712/5/2008). Exclusion criteria were underlying medical conditions or gynecological history known to be associated with high risk for preeclampsia, SGA, or spontaneous preterm birth, or on treatment that might modify pregnancy outcome. The Screening for Pregnancy Endpoints study participants were interviewed by a research midwife at 15 and 20 weeks of gestation. Ultrasound examinations were performed at 20 weeks of gestation, including fetal anatomy assessment, fetal growth and cervical length measurements, and Doppler studies of the uterine and umbilical arteries. Women then were invited to return for an additional scan at 24 weeks, when fetal measurements and uterine and umbilical Doppler studies were repeated. Participants were followed, and pregnancy outcome data and neonatal measurements were collected by research midwives, usually within 72 hours of birth. Women were included in the current study if uterine artery Doppler data at both 20 and 24 weeks were available and outcome data were known.
Ultrasound examinations were performed in clinical practice by sonographers with Diplomas in Medical Ultrasound from the Australasian Society of Ultrasound in Medicine, in accordance with a standard operating procedures manual. Scans were performed with women in a semirecumbent position. Left and right uterine arteries were examined by placing the transducer 2-3 cm medial to the anterior superior iliac spine directed toward the lateral wall of the uterus and downward toward the pelvis on each side. Color flow pulsed Doppler was used to visualize the uterine artery at the point of apparent crossover with the external iliac artery. The sample volume was placed 1 cm distal to the apparent point of crossover before any branching of the uterine arteries. The angle of insonation was maintained as low as possible and always less than 50°. A minimum of five waveforms was recorded. In-built software calculated the resistance index, and the presence of notches was determined and recorded by the sonographer (present, absent, indeterminate). For analysis, the mean resistance index of the left and right uterine arteries was used. If a notch was reported as indeterminate, it was considered absent. Neither uterine nor umbilical Doppler results were to be reported to the providers of obstetric care unless there was absent end diastolic velocity in the umbilical artery at 24 weeks.
The primary outcome measures were preeclampsia, SGA, preeclampsia or SGA or both with delivery at less than 34 weeks of gestation, and uncomplicated pregnancy. Secondary outcome measures included preeclampsia with an SGA neonate, SGA by population centiles, placental abruption, gestational age at delivery, birth weight, and birth weight centile.
The estimated date of delivery was calculated from a certain last menstrual period (LMP) date. The estimated date of delivery was adjusted only if 1) a scan performed at less than 16 weeks of gestation found a difference of 7 or more days between the scan gestation and that calculated by LMP, or 2) after the 20 week scan was performed, a difference of 10 or more days was found between the scan gestation and that calculated by LMP. If the LMP date was uncertain, scan dates were used to calculate the estimated date of delivery. Small for gestational age was defined as a birth weight less than the 10th centile using customized birth weight centiles. 15 Preeclampsia was defined as a systolic blood pressure of 140 mm Hg or higher, a diastolic blood pressure of 90 mm Hg or higher, or both on at least two occasions 4 hours apart after 20 weeks of gestation but before the onset of labor, or, in the postnatal period, either proteinuria 300 mg/24 h or higher, spot urine protein:creatinine ratio 30 mg/mmol or higher, or urine dipstick ϩϩ or higher or evidence of multisystem complications. 16 Uncomplicated pregnancy was defined as all pregnancies without preeclampsia, gestational hypertension, SGA, preterm birth, congenital anomaly, other obstetric complications such as placenta praevia or ante partum hemorrhage, or medical complications such as obstetric cholestasis. To enable comparison with prior literature, SGA by population centiles (birth weight less than the 10th centile adjusted only for sex of the neonate) has been included as a secondary endpoint. 17 Placental abruption was defined as vaginal bleeding with uterine tenderness, fetal compromise, or both or evidence of a retroplacental clot seen at delivery or on ultrasound examination. All data were collected in a central Internetbased database with a U.S. Food and Drug Administration-compliant audit trail. All data have undergone stringent monitoring by checking each individual's data and using a customized software program to detect any further data-entry errors. When suspected data-entry errors were identified by either method of data checking, an electronic query was raised about the data point, which then was answered by the research midwife.
Pregnancy outcomes were compared according to uterine artery Doppler results. Abnormal uterine Doppler results were defined as 1) mean resistance index higher than the 90th centile, 2) presence of bilateral notches, and 3) mean resistance index higher than the 90th centile, presence of bilateral notches, or both. For each criterion of abnormal Doppler results, four groups were compared: normal Doppler results at 20 weeks and 24 weeks (group 1), normal Doppler at 20 weeks and abnormal at 24 weeks (group 2), abnormal Doppler at 20 weeks and normal at 24 weeks (group 3), and abnormal Doppler at both 20 and 24 weeks (group 4) ( Table 1 ).
All statistical tests were performed using SAS 9.1 (SAS Institute, Inc., Cary, NC). For main outcome variables, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by fitting a univariable logistic regression model with normal-normal (group 1) as the referent group. Categorical data were compared using 2 or Fisher exact test as appropriate. Continuous variables were compared using analysis of variance with post hoc Tukey test for pair-wise comparisons. PϽ.05 was considered significant. Complete data were available for all variables used in the above analyses, and no data were imputed.
RESULTS
Of 2,535 women recruited to the Screening for Pregnancy Endpoints study in Auckland and Adelaide, 2,189 were included in this study (Fig. 1) . Women excluded from the study because they did not have a 24-week scan were less likely to be white than those who participated, but the rates of preeclampsia and SGA did not differ. Demographic and pregnancy outcome data for the study population are presented in Table 2 . Mean gestational age at the first Screening for Pregnancy Endpoints study scan (20-week scan) was 20.0 (standard deviation [SD] 0.7) weeks and at the second Screening for Pregnancy Endpoints study scan (24-week scan) was 24.3 (SD 0.6) weeks.
Resistance index values reduced between 20 and 24 weeks for the study population (Table 3 ) and also in women with preeclampsia, SGA, preeclampsia or SGA or both who delivered at less than 34 weeks, and those with uncomplicated pregnancies (data not shown).
A total of 1,861 (85%) women had normal resistance indexes at both 20 and 24 weeks of gestation (group 1), 118 (5.3%) women had normal resistance indexes at 20 weeks that became abnormal by 24 weeks (group 2), 128 (5.8%) women had abnormal resistance indexes at 20 weeks that normalized by 24 weeks (group 3), and the remaining 82 (3.7%) women had abnormal resistance indexes at both 20 and 24 weeks (group 4). The pregnancy outcome according to these groups is shown in Table 4 . Women in group 3 had higher rates of SGA (19.5%, OR 2.7, 95% CI 1.6 -4.2) and lower mean birth weights, birth weight centiles, and gestation ages at delivery compared with women in group 1. The women in group 4 had the lowest rates of uncomplicated pregnancy (28%) and the highest rates of preeclampsia (18.3%), SGA (35.4%), and preeclampsia or SGA or both with delivery at less than 34 weeks (8.6%). Numbers do not add to 100% because women with pregnancies complicated by conditions other than preeclampsia, SGA, and placental abruption are not included in the tables.
When abnormal uterine artery Doppler was defined as the presence of bilateral notches, group 1 consisted of 1,874 (86%) women, and groups 2, 3, and 4 consisted of 74 (3%), 173 (8%), and 68 (3%) women, respectively. Women in group 3 had higher rates of SGA (17.9%, OR 2.2, 95% CI 1.4 -3.3) and lower mean birth weights and birth weight centiles compared with women in group 1 (Table 5 ). Similar to the abnormal test being defined by a mean resistance index higher than the 90th centile, those in group 4 based on bilateral notches had the lowest rates of uncomplicated pregnancy (44.1%) and the highest rates of preeclampsia (17.9%), SGA (19.1%), and preeclampsia or SGA or both with delivery at less than 34 weeks (8.8%).
The outcomes among groups according to these combined Doppler criteria were consistent with those shown for the other two definitions (data not shown).
DISCUSSION
In this large, prospective cohort study, we report the frequency of occurrence of four different Doppler waveform patterns between 20 and 24 weeks of gestation (normal-normal, normal-abnormal, abnormal-normal, and abnormal-abnormal) and the clinical importance of each. Our data support the hypothesis that rates of SGA increase across the spectrum of normal-normal Doppler results to abnormal-abnormal Doppler results, with normal-abnormal and abnormal-normal being of intermediate risk. Rates of preeclampsia were highest in the abnormal-abnormal group but were not significantly increased in the normal-abnormal or abnormal-normal groups compared with the normal-normal uterine Doppler group. Rates of SGA (by customized and by population centiles) were increased two-fold in the group with late normalization of the uterine artery Doppler waveform (abnormal-normal), and mean birth weight was reduced correspondingly, regardless of which criterion was used to define an abnormal Doppler study. Consistent with our findings, a reduction in mean birth weight by 200 -300 g and a higher rate of SGA has been reported previously with late normalization. 11, 12 These findings suggest that reduced uteroplacental perfusion at 20 weeks or earlier may affect fetal development at a critical stage, subsequently resulting in impaired fetal growth despite restoration of normal uterine blood flow by 24 weeks. Alternatively, our data are consistent with hypotheses from the 1980s that suggested that early impairment of uteroplacental perfusion may lead to subsequent villous vascular damage that later results in the development of SGA. 18 In contrast, the odds of SGA were not increased in the normal-abnormal group, suggesting that the pathological processes responsible for the recently reduced uteroplacental perfusion indices at 24 weeks are not associated with later SGA.
As has been described previously, the rate of preeclampsia was increased several fold in the group with abnormal uterine Doppler studies at both timepoints. 11 In the late-normalization group, preeclampsia was not significantly increased, consistent with findings from two earlier studies. 11, 12 Similarly, the rate of preeclampsia in the normal-abnormal group was not elevated. Given the low prevalence of preeclampsia in our cohort, larger studies are required to either confirm our findings or to detect small increases in preeclampsia in the normal-abnormal Doppler group. The Screening for Pregnancy Endpoints study is a prospective, multicenter screening study with stringent data validation and outcome data available for more than 99% of participants. Because the 24-week scan was not a compulsory component of the study design, 9.3% of the study population did not have this scan. There were no significant differences in the rates of preeclampsia or SGA between those who did and those who did not have scans at 24 weeks of gestation. We consider that this is unlikely to have introduced important bias into the results.
Our study allows assessment of the effect of the gestation at screening, 20 or 24 weeks, on the number of cases of preeclampsia and SGA detected or missed. To illustrate this using the criterion of mean resistance index higher than the 90th centile, if a single scan is performed at 20 weeks, an abnormal test would be a composite of the abnormal-normal and abnormalabnormal groups, which is 64% of all abnormal tests. A similar proportion (61%) of abnormal Doppler tests (a composite of normal-abnormal and abnormalabnormal) would be detected if the scan was performed only at 24 weeks of gestation. A single scan at 20 weeks or 24 weeks (abnormal test defined as a mean resistance index higher than the 90th centile) would have missed 5.8% and 11.2% of SGA fetuses and 7.8% and 6.0% of women with preeclampsia, respectively. Given these data, if a single screening scan is to be performed in the second trimester, a scan at 20 weeks may be the best option because this fits with the timing of an anomaly scan, will detect a similar number of cases as a single scan at 24 weeks of gestation, and allows earlier intervention. 7, 8 Previous second-trimester uterine artery Doppler studies have reported that sensitivity and positive predictive values for preeclampsia and SGA are too low, particularly in nulliparous women with low disease prevalence, to recommend routine Doppler screening from a clinical or health-economics perspective. 3, 19 Recent data suggest the combination of clinical and biomarker data with Doppler data may improve performance as a screening test. 5, 20, 21 Although we are not advocating routine 20-week uterine artery Doppler studies, if overall test performance could be enhanced by the addition of clinical data, biomarkers, or both, we would recommend that 20 weeks is the most appropriate gestation in the second trimester to perform uterine artery Doppler studies.
